The in-plane magnetic anisotropy of Fe films epitaxially grown on GaAs͑001͒, in addition to a thickness-dependent four-fold contribution has a uniaxial component originating from the Fe/GaAs interface. This has been observed in several previous investigations. The orientation of the uniaxial easy axis ͑e.a.͒, however, was found to be along the ͓110͔ direction in most studies, but also an e.a. parallel to ͓Ϫ110͔ was reported in a few cases. It has been suggested that different reconstructions of the GaAs surface prior to Fe deposition could be responsible for this discrepancy. In the present contribution, it is shown that in Fe͑001͒ films grown by molecular-beam epitaxy on Ga-rich GaAs͑001͒ surfaces at room temperature the uniaxial anisotropy always has its easy axis along ͓110͔ with practically the same magnitude. In particular, the surface reconstruction of the GaAs substrate -either ͑4ϫ2͒ or ͑2ϫ6͒ -has no effect on the resulting uniaxial magnetic anisotropy. This ͓together with recent results related to the phase transition of Fe/GaAs͑001͔͒ suggests that the same atomic configuration is formed at the Fe/GaAs͑001͒ interface in both cases connected with the segregation of a certain amount of As ͑and Ga͒ to the surface.
A strong in-plane uniaxial magnetic anisotropy has been found in Fe films epitaxially grown on GaAs͑001͒.
1,2 Phenomenologically, this can be understood by taking into account the intrinsic two-dimensional symmetry of the GaAs͑001͒ surface which is also expressed in numerous surface reconstructions formed by the existence of dangling bonds. It has been assumed that the orientation of the magnetic easy axis ͑e.a.͒ should be related to the alignment of dimer rows at the semiconductor surface. In particular, by moving from the ͑2ϫ6͒ to the ͑4ϫ2͒ reconstruction of the Ga-rich surface, the e.a. orientation was expected to rotate by 90°because the reconstruction stripes are perpendicular to each other in both cases. This fact was supposed to explain the contradictory e.a. orientation found in different studies in the past, e.g., along ͓110͔ in Ref. 1 and in ͓Ϫ110͔ in Ref. 2. To test this assumption, in the present work, the uniaxial anisotropy was investigated in Fe films epitaxially grown on GaAs͑001͒ with different but well defined surface reconstructions.
The sample preparation was performed by molecularbeam epitaxy in an ultrahigh vacuum ͑UHV͒ chamber with a base pressure below 10 Ϫ10 mbar. The surface structure of the samples was studied in situ by reflection high-energy electron diffraction ͑RHEED͒ and scanning tunneling microscopy ͑STM͒. Commercial GaAs͑001͒ wafers were introduced into an UHV without chemical pretreatment. To desorb the native oxide layer, the substrates were annealed at 600°C until a three-dimensional ͑3D͒ RHEED pattern appeared. Subsequently, the temperature was held at 600°C and the surfaces were etched by 1 keV Ar ϩ ions for 30 min. Finally, the surfaces were etched with 0.5 keV Ar ϩ ions for 5 min either at 600°C or at 500°C. This is decisive for the resulting reconstruction of the surfaces which are clean and atomically flat as seen by Auger electron spectroscopy, RHEED, and STM.
Final sputtering at 600°C leads to a surface with a ͑4ϫ2͒ reconstruction. RHEED patterns show very sharp spots on a Laue circle over the whole surface. STM exhibits atomically flat terraces several hundred nm wide, which are separated by monoatomic steps. Details of the ͑4ϫ2͒ reconstruction are seen in Fig. 1͑a͒ . An atomic model for this so-called ͑4ϫ2͒ reconstruction was given by Lee et al. 3 and corroborated by Seino et al. 4 Atomic rows are running along ͓110͔, whereby the structures repeated every 1.6 nm in the ͓Ϫ110͔ direction, corresponding to the 4ϫ periodicity. Holes and a few mounds can be observed, which have no strict periodicity along ͓110͔, but together they are forming curved lines running approximately along ͓Ϫ110͔. Often mounds, instead of holes, are preferentially imaged, as it is the case in Fig. 2͑a͒ . Probably, both the specific conditions of the STM tip and charges at the surface determine whether these features of the ͑4ϫ2͒ reconstruction appear as holes or as mounds; their appearance sometimes changes during the scan ͓see Fig. 1͑a͔͒ . The holes or mounds are not explained by existing atomic models and their origin is not clear up to now. More details of this reconstruction are discussed elsewhere. 5 On the other hand, final sputtering at 500°C produces a surface, which shows the so-called ͑2ϫ6͒ reconstruction. Sharp RHEED spots over the whole surface confirm the uniform presence of this reconstruction. STM shows monoatomic steps separating atomically flat terraces elongated in ͓Ϫ110͔ over several hundred nm. Their extension along ͓110͔ is about 50 nm. An STM image of a ͑2ϫ6͒-reconstructed surface is depicted in Fig. 1͑b͒ . The atomic model for this surface was given, e.g. by Xue et al. 6 Bright rows, consisting of As dimers, now are running parallel to Both surfaces can be routinely prepared by means of the temperature during the final sputtering process. An intermediate temperature, e.g., 550°C, leads to a surface, where ͑4ϫ2͒-and ͑2ϫ6͒-reconstructed domains coexist, whereby RHEED indicates a ͑4ϫ6͒ pattern in this case.
To study the initial growth of Fe on GaAs͑001͒-͑4ϫ2͒ and -͑2ϫ6͒, Fe was deposited on a surface with coexisting ͑4ϫ2͒ and ͑2ϫ6͒ domains at room temperature ͑RT͒ in several steps by an electron-beam evaporator directly inside the STM chamber. The same region of the surface was repeatedly imaged by STM. Figure 2 shows a region of the surface before and after deposition of 1.0 ML Fe. From the beginning, 3D islands are formed which appear as bright bumps in Fig. 2͑b͒ . Their height is 1-3 monolayers ͑ML͒ and they are about 1.6 nm in diameter, which corresponds to 50-150 Fe atoms per island. From the fact that substantially more than 50% of the substrate surface is covered for a nominal coverage of 1 ML and an average height of the nuclei of 2 ML, we conclude that a certain amount of substrate atoms segregate to the top of the Fe islands. This surface segregation is observed on much thicker films and even on top of thick Au covering layers. Figure 2͑b͒ reveals that on a former ͑4ϫ2͒-reconstructed surface, the Fe nuclei are arranged in rows along ͓110͔, whereas on a former ͑2ϫ6͒ reconstruction, the Fe islands form rows running parallel to ͓Ϫ110͔. Therefore, the sites of nucleation are influenced by the specific reconstruction, since the direction of the rows corresponds to the previous substrate surface reconstruction. An effect of the reconstruction on the nucleation sites of Fe was also found by Kneedler et al. 7 for As-rich GaAs͑001͒-͑2ϫ4͒ and -c͑4ϫ4͒ reconstructed surfaces.
In order to find out whether the uniaxial magnetic anisotropy observed in a given film is effected by the particular reconstruction of the substrate surface, a stepped wedge sample with an Fe thickness range from 4 to 14 ML and a thickness increment of 1 or 2 ML was grown at room temperature on a ͑4ϫ2͒ and on a ͑2ϫ6͒ surface. Both reconstructed surfaces were prepared separately, but the Fe was deposited simultaneously on both substrates, so that thickness differences between the two wedge samples can be avoided. Both Fe wedge samples were capped with 20 ML Au as a protective layer. To investigate the in-plane magnetic anisotropy, magnetization loops m(H) were recorded with the longitudinal magneto-optic Kerr effect ͑MOKE͒ at 300 K.
All magnetization loops show a superposition of a fourfold and a uniaxial anisotropy with the e.a. of the uniaxial anisotropy along ͓110͔ for both wedge samples. This result evidences that the specific reconstruction of the GaAs͑001͒ surface does not determine the direction of the uniaxial e.a. A large saturation field, H S , for all loops along the hard axis ͑Fig. 3͒ reveals the presence of a strong uniaxial anisotropy. For 5 ML, the uniaxial anisotropy of the ͑2ϫ6͒ sample is slightly stronger. At 14 ML, no marked difference of both loops can be observed. The effective anisotropy constants K 1 eff for the four-fold and K U eff for the uniaxial anisotropy are determined by using an analytic expression which is derived by minimizing the sum of the anisotropy and the Zeeman energy and is valid for magnetization reversal along the uniaxial hard axis 8 
H͑m ͒ϭK
where m denotes the magnetization component along the axis of the applied field normalized to the saturation magnetization M S . A fit to the inverted loop H(m) along the hard axis for Ϫ1ϽmϽ1 by Eq. ͑1͒ yields K 1 eff and K U eff . In Fig. 4 , all effective anisotropy constants are plotted versus the Fe thickness comparing both surface reconstructions. The constants of the four-fold term are identical for both surfaces. The constants of the uniaxial anisotropy, however, are slightly different for the films thinner than 8 ML: for the ͑2ϫ6͒ surface K U eff is around 10% larger than for the ͑4ϫ2͒ surface, for thicker films this difference disappears.
The anisotropy constants can be well fitted for the Fe films thicker than 8 ML by assuming a superposition of a volume term, K U V and K 1 V , and an interface term, K U int and K 1 int :
K U int contains the contribution from the Fe/GaAs and the Au/Fe interface. The term of the four-fold anisotropy for the volume, erg/cm 2 ). The negative sign means a rotation of the four-fold easy and hard axes by 45°below a critical film thickness of about 6 ML; this phenomenon was found in several film systems. 10 The uniaxial anisotropy is a pure interface term, i.e., K U V ϭ0, and slightly different for both reconstructions: The main result of the present study is that the e.a. for the uniaxial anisotropy of Fe is always ͓110͔, on both reconstructions, i.e., there is no rotation by 90°. Previous reports of a different e.a. orientation are probably due to a different assignment of the crystallographic axes. Even the strength of the uniaxial anisotropy is practically the same in both cases. Recently, Bensch et al. 11 have shown that identical phase transitions are observed for Fe/GaAs͑001͒-͑2ϫ6͒ and Fe/ GaAs͑001͒-͑4ϫ2͒, i.e., that the Curie temperature T C (t Fe ) is exactly the same for Fe grown on both surface reconstructions. This, together with the present result, suggests that in Fe/GaAs͑001͒ always the identical interface is formed independent of the previous surface reconstruction. The slight difference for the thinner films ͑4 -8 ML͒, where the values K U eff for the ͑2ϫ6͒ surface are approximately 10% larger, can not be due to either the arrangement of the Fe islands along ͓Ϫ110͔ on the ͑2ϫ6͒ reconstruction or the enhanced amount of monoatomic steps along ͓Ϫ110͔ of the ͑2ϫ6͒ surface, because this should reduce K U eff due to shape anisotropy quite contrary to the observation. Probably, it is caused by a slightly different formation process of the Fe/GaAs͑001͒ interface at the beginning, since the ͑2ϫ6͒ surface contains more As atoms and, therefore, more As atoms have to segregate to the surface.
In conclusion, it has been shown that the strong uniaxial magnetic anisotropy of Fe/GaAs͑001͒ is not directly related to the specific GaAs͑001͒ surface reconstruction. The exact atomic configuration at the buried Fe/GaAs͑001͒ interface will have to be elucidated by future experiments in order to understand the microscopic origin of the uniaxial anisotropy. It will also be a prerequisite for realistic ab initio electronic structure calculations.
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